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TITLE OF THE INVENTION 
MAGNETIC RANDOM ACCESS MEMORY 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Application No. 2002-301940, filed October 16, 2002, 
the entire contents of which are incorporated herein by- 
reference . 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a magnetic random 
access memory (MRAM) in which a MTJ (Magnetic Tunnel 
Junction) element for storing "1", "0" - information by 
a TMR effect is used to constitute a memory cell. 

2 . Description of the Related Art 

In recent years, a large number of memories in 
which information is stored by a new principle have 
^been proposed. Among the memories, there is a memory 
which uses a tunneling magneto resistive (hereinafter 
referred to as TMR) effect proposed by Roy Scheuerlein 
et al . (refer to ISSCC2000 Technical Digest p. 128 "A 
10ns Read and Write Non-Volatile Memory Array Using a 
Magnetic Tunnel Junction and FET Switch in each Cell") . 

In a magnetic random access memory, a MTJ element 
stores w l", "0" -information . As shown in FIG. 1, the 
MTJ element includes a structure in which an insulating 
layer (tunneling barrier) is held by two magnetic 
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layers (ferromagnetic layers) . The information to be 
stored in the MTJ element is judged by judging whether 
or not directions of spin of two magnetic layers are 
parallel or anti-parallel. 
5 Here, as shown in FIG. 2, "parallel" means 

that the directions of spin of two magnetic layers 
(direction of magnetization) are the same, and 
u anti-parallel" means that the directions of spin of 
two magnetic layers are opposite to each other (the 

10 directions of arrows indicate the directions of spin) . 

It is to be noted that an ant i - ferromagnetic layer 
is usually disposed in one of two magnetic layers. 
The anti -ferromagnetic layer is a member for fixing the 
spin direction of one magnetic layer and changing only 

15 the spin direction of the other magnetic layer to 

easily rewrite the information. 

The magnetic layer whose spin direction is fixed 
is referred to as a fixed or pinned layer. Moreover, 
the magnetic layer whose spin direction can freely be 

2 0 changed in accordance with write data is referred to as 

a free or storage layer. 

As shown in FIG. 2, when the spin directions of 
two magnetic layers are parallel to each other, tunnel 
resistance of the insulating layer (tunneling barrier) 

25 held between two magnetic layers is lowest. This state 

is a "1" -state. Moreover, when the spin directions of 
two magnetic layers are ant i -parallel , the tunnel 
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resistance of the insulating layer (tunneling barrier) 
held between two magnetic layers is highest. This 
state is a "0" -state. 

A write operation principle with respect to the 
5 MTJ element will next briefly be described with 

reference to FIG. 3. 

The MTJ element is disposed in an intersection of 
a write word line and data selection line (read/write 
bit line) which intersect with each other. Moreover, 

10 the write is achieved by passing a current into the 

write word line and data selection line, and using a 
magnetic field formed by the current flowing through 
both wires to set the spin direction of the MTJ element 
to be parallel or anti-parallel. 

15 For example, when a magnetization easy axis of 

the MTJ element is an X-direction, the write word line 
extends in the X-direction, and the data selection line 
extends in a Y-direction crossing at right angles to 
the X-direction, a current directed in one direction is 

20 passed through the write word line at a write time, and 

a current directed in one or the other direction is 
passed through the data selection line in accordance 
with the write data. 

When the current directed in one direction is 

25 passed through the data selection line, the spin 

direction of the MTJ element becomes parallel 
( "1" -state) . On the other hand, when the current 



directed in the other direction is passed through the 
data selection line, the spin direction of the MTJ 
element becomes anti-parallel ( u 0" -state) . 

A mechanism in which the spin direction of the MTJ 
element changes is as follows. 

When a magnetic field Hx is applied in a long-side 
(easy-axis) direction of the MTJ element as shown by 
a TMR curve of FIG. 4, the resistance value of the 
MTJ element changes, for example, by about 17%. 
This change ratio, that is, a ratio of the resistance 
values before and after the change is referred to as 
an MR ratio. 

It is to be noted that the MR ratio changes by 
properties of the magnetic layer. At present, the MTJ 
element whose MR ratio is about 50% is obtained. 

A synthetic magnetic field of the magnetic field 
Hx of an easy-axis direction and magnetic field Hy of 
a hard-axis direction is applied to the MTJ element. 
As shown by a solid line of FIG. 5, the size of the 
magnetic field Hx of the easy-axis direction necessary 
for changing the resistance value of the MTJ element 
also changes by the size of the magnetic field Hy of 
the hard-axis direction. This phenomenon can be used 
to write data only into the MTJ element which exists in 
the intersection of the selected write word line and 
data selection line among memory cells arranged in 
an array form. 
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This state will further be described with 
reference to Astroid curve of FIG. 5. 

The Astroid curve of the MTJ element is shown, for 
example, by a solid line of FIG. 5. That is, when the 
5 size of the synthetic magnetic field of the magnetic 

field Hx of the easy-axis direction and the magnetic 
field Hy of the hard-axis direction is outside the 
Astroid curve (solid line) (e.g., in positions of black 
circles) , the spin direction of the magnetic layer can 
10 be reversed. 

Conversely, when the size of the synthetic 
magnetic field of the magnetic field Hx of the 
easy-axis direction and the magnetic field Hy of the 
hard-axis direction is inside the Astroid curve (solid 
15 line) (e.g., in positions of white circles), the spin 

direction of the magnetic layer cannot be reversed. 

Therefore, when the sizes of the magnetic field Hx 
of the easy-axis direction and the magnetic field Hy of 
the hard-axis direction are changed, and the position 
20 of the size of the synthetic magnetic field in an Hx-Hy 

plane is changed, the write of the data with respect to 
the MTJ element can be controlled. 

A read operation can easily be performed by 
passing a current through the selected MTJ element, and 
25 detecting the resistance value of the MTJ element. 

For example, a switch element is connected in 
series to the MTJ element, and only the switch element 



connected to a selected read word line is turned on to 
form a current path. As a result, since the current 
flows only through the selected MTJ element, the data 
of the MTJ element can be read out . 

In the magnetic random access memory, as described 
above, the data write is performed by passing the write 
current through the write word line and data selection 
line (read/write bit line) and allowing a synthetic 
magnetic field Hx+Hy generated thereby to act on the 
MTJ element. 

Therefore, to efficiently perform the data write, 
it is important to efficiently apply the synthetic 
magnetic field Hx+Hy to the MTJ element. When the 
synthetic magnetic field Hx+Hy is efficiently applied 
to the MTJ element, reliability of the write operation 
is enhanced, further a write current is reduced, and 
low power consumption can be realized. 

However, an effective device structure for 
allowing the synthetic magnetic field Hx+Hy generated 
by the write currents flowing through the write word 
line and data selection line to efficiently act on 
the MTJ element has not been sufficiently studied. 
That is, for the device structure, it naturally needs 
to be studied whether the synthetic magnetic field 
Hx+Hy is actually efficiently applied to the MTJ 
element. Furthermore, in a manufacturing process 
aspect, it needs to be studied whether or not the 



structure can easily be manufactured. 

In recent years, as a technique of efficiently 
applying the magnetic fields Hx, Hy to the MTJ element, 
the device structure has been studied in which a yoke 
material having a function of suppressing spread of the 
magnetic field is disposed around a write line (refer 
to U.S. Pat. No. 6,174,737). 

The yoke material has high permeability, and 
magnetic flux has a property of being concentrated on 
a material which has the high permeability. Therefore, 
when the yoke material is used as a traction material 
of a magnetic force line, the magnetic fields Hx, Hy 
generated by the write current flowing through the 
write line can efficiently be concentrated on the MTJ 
element at a write operation time. 

The yoke material has a function of suppressing 
the spread of the magnetic field as described above. 
This is based on a prerequisite that film thickness and 
magnetic domain of the yoke material are accurately 
controlled. That is, when dispersion is generated in 
the film thickness of the yoke material arranged around 
the write line, and the magnetic domain is not orderly 
aligned, an effect of the yoke material in bunching 
a magnetic force line is reduced, and it becomes 
impossible to efficiently apply the magnetic fields Hx, 
Hy to the MTJ element. 



BRIEF SUMMARY OF THE INVENTION 
According to one aspect of the present invention, 
there is provided a magnetic random access memory- 
comprising: a memory cell which uses a magneto 
resistive effect to store data; a first write line 
which is disposed right on the memory cell and which 
extends in a first direction; a second write line which 
is disposed right under the memory cell and which 
extends in a second direction intersecting with the 
first direction; a first yoke material with which 
an upper surface of the first write line is coated; 
a second yoke material with which a side surface of the 
first write line is coated; and a first barrier layer 
which is disposed between the first yoke material and 
first write line and between the second yoke material 
and first write line and which separates the first yoke 
material from the second yoke material . 

According to another aspect of the present 
invention, there is provided a magnetic random access 
memory comprising: a memory cell which uses a magneto 
resistive effect to store data; a first write line 
which is disposed right on the memory cell and which 
extends in a first direction; a second write line which 
is disposed right under the memory cell and which 
extends in a second direction intersecting with the 
first direction; a first yoke material with which 
a lower surface of the second write line is coated; 



a second yoke material with which a side surface of the 
second write line is coated; and a first barrier layer 
which is disposed between the first yoke material and 
first write line and between the second yoke material 
and first write line and which separates the first yoke 
material from the second yoke material . 

According to further aspect of the present 
invention, there is provided a manufacturing method of 
a magnetic random access memory, comprising: a step 
of forming a first yoke material on an insulating 
layer on a semiconductor substrate; a step of forming 
a conductive material on the first yoke material; 
a step of patterning the conductive material and first 
yoke material to form a write line whose lower surface 
is coated with the first yoke material; a step of 
forming a first barrier layer with which the write line 
is coated; a step of forming a second yoke material 
with which the write line is coated on the first 
barrier layer; a step of etching the first barrier 
layer and second yoke material to allow the first 
barrier layer and second yoke material to remain on the 
side surface of the write line; and a step of forming 
a memory cell which uses a magneto resistive effect to 
store data right on the first write line. 

According to still further aspect of the present 
invention, there is provided a manufacturing method of 
a magnetic random access memory, comprising: a step of 



forming a memory cell which uses a magneto resistive 
effect to store data on an insulating layer on a 
semiconductor substrate; a step of forming a conductive 
material right on the memory cell; a step of forming a 
first yoke material on the conductive material; a step 
of patterning the first yoke material and conductive 
material to form a write line whose upper surface is 
coated with the first yoke material; a step of forming 
a first barrier layer with which the write line is 
coated; a step of forming a second yoke material with 
which the write line is coated on the first barrier 
layer; and a step of etching the first barrier layer 
and second yoke material to allow the first barrier 
layer and second yoke material to remain on the side 
surface of the write line. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

FIG. 1 is a diagram showing a structure example of 
a MTJ element; 

FIG. 2 is a diagram showing two states of the MTJ 
element ; 

FIG. 3 is a diagram showing a write operation 
principle of a magnetic random access memory; 

FIG. 4 is a diagram showing a TMR curve; 

FIG. 5 is a diagram showing an Astroid curve; 

FIG. 6 is a sectional view of the magnetic random 
access memory according to a first reference example; 

FIG. 7 is a sectional view of the magnetic random 
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access memory according to the first reference example; 

FIG. 8 is a sectional view of the magnetic random 
access memory according to a second reference example; 

FIG. 9 is a sectional view of the magnetic random 
5 access memory according to the second reference 

example ; 

FIG. 10 is a sectional view of the magnetic random 
access memory according to a first embodiment; 

FIG. 11 is a sectional view of the magnetic random 
10 access memory according to the first embodiment; 

FIG. 12 is a sectional view showing one step of 
a manufacturing method of the memory according to the 
first embodiment; 

FIG. 13 is a sectional view showing one step of 
15 the manufacturing method of the memory according to 

the first embodiment; 

FIG. 14 is a sectional view showing one step of 
the manufacturing method of the memory according to 
the first embodiment; 
20 FIG. 15 is a sectional view showing one step of 

the manufacturing method of the memory according to 
the first embodiment; 

FIG. 16 is a sectional view showing one step of 
the manufacturing method of the memory according to 
25 the first embodiment ; 

FIG. 17 is a sectional view showing one step of 
the manufacturing method of the memory according to 



■ 



- 12 - 

the first embodiment; 

FIG. 18 is a sectional view of the magnetic random 
access memory according to a second embodiment; 

FIG. 19 is a sectional view of the magnetic random 
5 access memory according to the second embodiment; 

FIG. 2 0 is a sectional view showing one step of 
the manufacturing method of the memory according to 
the second embodiment; 

FIG. 21 is a sectional view showing one step of 
10 the manufacturing method of the memory according to 

the second embodiment ; 

FIG. 22 is a sectional view showing one step of 
the manufacturing method of the memory according to 
the second embodiment; 
15 FIG. 23 is a sectional view showing one step of 

the manufacturing method of the memory according to 
the second embodiment; 

FIG. 24 is a sectional view showing one step of 
the manufacturing method of the memory according to 
2 0 the second embodiment; 

FIG. 2 5 is a sectional view showing one step of 
the manufacturing method of the memory according to 
the second embodiment; 

FIG. 2 6 is a sectional view of the magnetic random 
25 access memory according to a third embodiment; 

FIG. 2 7 is a sectional view of the magnetic random 
access memory according to the third embodiment; 
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FIG. 28 is a sectional view showing one step of 
the manufacturing method of the memory according to 
the third embodiment; 

FIG. 29 is a sectional view showing one step of 
the manufacturing method of the memory according to 
the third embodiment; 

FIG. 30 is a sectional view showing one step of 
the manufacturing method of the memory according to 
the third embodiment; 

FIG. 31 is a sectional view showing one step of 
the manufacturing method of the memory according to 
the third embodiment; 

FIG. 32 is a sectional view showing one step of 
the manufacturing method of the memory according to 
the third embodiment ; 

FIG. 33 is a sectional view showing one step of 
the manufacturing method of the memory according to 
the third embodiment; 

FIG. 34 is a sectional view showing one step of 
the manufacturing method of the memory according to 
the third embodiment; 

FIG. 3 5 is a sectional view of the magnetic random 
access memory according to a fourth embodiment; 

FIG. 3 6 is a sectional view of the magnetic random 
access memory according to the fourth embodiment ; 

FIG. 3 7 is a sectional view of the magnetic random 
access memory according to a fifth embodiment; 
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FIG. 38 is a sectional view of the magnetic random 
access memory according to a sixth embodiment; and 

FIG. 3 9 is a sectional view of the magnetic random 
access memory according to a seventh embodiment . 
5 DETAILED DESCRIPTION OF THE INVENTION 

A magnetic random access memory according to 
embodiments of the present invention will be described 
hereinafter in detail with reference to the drawings. 

1 . First Reference Example 
10 A device structure as a prerequisite of the 

present invention will first be described before the 
magnetic random access memory according to an example 
of the present invention. 

It is to be noted that the device structure is 
15 described for ease of understanding of the embodiment 

of the present invention, and the present invention is 
not limited to the device structure . 

FIGS. 6 and 7 show the device structure as the 
prerequisite of the example of the present invention. 
2 0 Element separation insulating layers 12 including 

a shallow trench isolation (STI) structure are formed 
in a semiconductor substrate (e.g., a p-type silicon 
substrate, p-type well region, and the like) 11. 
A region surrounded with the element separation 
25 insulating layers 12 is an element region in which 

a read selection switch (e.g., MOS transistor, diode, 
and the like) is formed. 
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In the device structure of FIG. 6, the read 
selection switch is constituted of an MOS transistor 
(n-channel type MOS transistor) . A gate insulating 
layer 13, gate electrode 14, and side wall insulating 
5 layers 15 are formed on the semiconductor substrate 11. 

The gate electrode 14 extends in an X-direction, and 
functions as a read word line for selecting a read cell 
(MTJ element) at a read operation time. 

A source region (e.g., n-type diffusion layer) 

10 16-S and drain region (e.g., n-type diffusion layer) 

16-D are formed in the semiconductor substrate 11. 
The gate electrode (read word line) 14 is disposed in 
a channel region between the source region 16-S and 
drain region 16-D. 

15 In the device structure of FIG. 7, the read 

selection switch is constituted of the diode. 
A cathode region (e.g., n-type diffusion layer) 16a 
and anode region (e.g., p-type diffusion layer) 16b 
are formed in the semiconductor substrate 11. 

20 One of metal layers constituting a first metal 

wiring layer functions as an intermediate layer 18A 
for vertically stacking a plurality of contact plugs, 
and another layer functions as a source line 18B (in 
FIG. 6) or read word line 18B (in FIG. 7) . 

25 In the device structure of FIG. 6, the 

intermediate layer 18A is electrically connected to 
the drain region 16-D of the read selection switch 
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(MOS transistor) by a contact plug 17A. The source 
line 18B is electrically connected to the source region 
16-S of the read selection switch via a contact plug 
17B. The source line 18B extends in an X-direction 
5 similarly as the gate electrode (read word line) 14. 

In the device structure of FIG. 7, the 
intermediate layer 18A is electrically connected to the 
anode region 16b of the read selection switch (diode) 
by the contact plug 17A. The read word line 18B is 

10 electrically connected to the cathode region 16a of 

the read selection switch via the contact' plug 17B. 
The read word line 18B extends in the X-direction. 

One of metal layers constituting a second metal 
wiring layer functions as an intermediate layer 20A for 

15 vertically stacking a plurality of contact plugs, and 

another layer functions as a read word line 2 OB. The 
intermediate layer 20A is electrically connected to the 
intermediate layer 18A by a contact plug 19. The read 
word line 20B extends, for example, in the X-direction. 

20 One of metal layers constituting a third metal 

wiring layer functions as a lower electrode 22 of a MTJ 
element 23. The lower electrode 22 is electrically 
connected to the intermediate layer 2 OA by a contact 
plug 21. The MTJ element 23 is mounted on the lower 

25 electrode 22. Here, the MTJ element 23 is disposed 

right on the write word line 2 OB, and formed in 
a rectangular shape long in the X-direction 



(magnetization easy axis is the X-direction) . 

One of metal layers constituting a fourth metal 
wiring layer functions as a data selection line 
(read/write bit line) 24. The data selection line 24 
is electrically connected to the MTJ element 23, and 
extends in a Y-direction. 

It is to be noted that the structure of the MTJ 
element 23 is not especially limited. The structure 
may be the structure shown in FIG. 1 or any other 
structure. Moreover, the MTJ element 23 may also be 
of a multi-valued storage type in which data of 
a plurality of bits can be stored. 

A ferromagnetic layer of the MTJ element 2 3 is not 
especially limited, and examples of a usable material 
include Fe, Co, Ni or an alloy of these metals, 
magnetite in spin polarization ratio, oxides such as 
Cr0 2 , RXMn0 3 _ y (R: rare earth metals, X: Ca, Ba, Sr) , 
and Heusler alloys such as NiMnSb, PtMnSb. 

Even with the ferromagnetic layer which contains 
some amount of nonmagnetic elements such as Ag, Cu, Au, 
Al, Mg, Si, Bi, Ta, B, C, O, N, Pd, Pt , Zr, Ir, W, Mo, 
Nb, as long as f erromagnetism is not lost, there is not 
any problem. 

If the ferromagnetic layer becomes excessively 
thin, super-paramagnetism results. To solve the 
problem, the ferromagnetic layer needs to have 
a thickness to such an extent that at least the 
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super-paramagnet ism does not result. Concretely, the 
thickness of the ferromagnetic layer is set to 0.1 nm 
or more, preferably in a range of 0.4 nm to 10 0 nm. 

As an anti- ferromagnetic layer of the MTJ element 
5 23, for example, Fe-Mn, Pt-Mn, Pt-Cr-Mn, Ni-Mn, Ir-Mn, 

NiO, Fe2C>3, and the like can be used. 

As an insulating layer (tunneling barrier) of the 
MTJ element 23, dielectric materials such as AI2O3, 
Si0 2/ MgO, A1N, Bi 2 0 3 , MgF 2 , CaF 2 , SrTi0 2 , and AlLa0 3 
10 can be used. Even when there is oxygen loss, nitrogen 

loss, or fluorine loss in these materials, there is no 
problem. 

The thickness of the insulating layer (tunneling 
barrier) is preferably as small as possible, but 

15 there is not especially a determined limitation for 

realizing the function. Additionally, the thickness 
of the insulating layer is set to 10 nm or less in 
a manufacturing process . 

2 . Second Reference Example 

20 A device structure proposed with respect to the 

device structure of the first reference example in 
order to efficiently concentrate the magnetic field on 
the MTJ element will next be described. 

FIGS . 8 and 9 show the device structure as 

25 the prerequisite of the example of the present 

invention. It is to be noted that FIG. 8 shows 
a section of the Y-direction, and FIG. 9 shows 
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a section of the X-direction of a MTJ element portion 
of FIG. 8. The X-direction crosses at right angles to 
the Y-direction. 

The element separation insulating layers 12 
including the STI structure are formed in the 
semiconductor substrate (e.g., the p-type silicon 
substrate, p-type well region, and the like) 11. 
The region surrounded with the element separation 
insulating layers 12 is the element region in which the 
read selection switch (e.g., MOS transistor) is formed. 

In the device structure of the example, the read 
selection switch is constituted of the MOS transistor 
(n-channel type MOS transistor) . The gate insulating 
layer 13, gate electrode 14, and side wall insulating 
layers 15 are formed on the semiconductor substrate 11. 
The gate electrode 14 extends in the X-direction, and 
functions as the read word line for selecting the read 
cell (MTJ element) at the read operation time. 

The source region (e.g., n-type diffusion layer) 
16-S and drain region (e.g., n-type diffusion layer) 
16-D are formed in the semiconductor substrate 11. 
The gate electrode (read word line) 14 is disposed on 
the channel region between the source region 16-S and 
drain region 16-D. 

One of the metal layers constituting the first 
metal wiring layer functions as the intermediate layer 
18A for vertically stacking a plurality of contact 



plugs, and another layer functions as the source 
line 18B. 

The intermediate layer 18A is electrically 
connected to the drain region 16-D of the read 
selection switch (MOS transistor) by the contact plug 
17A. The source line 18B is electrically connected to 
the source region 16-S of the read selection switch via 
the contact plug 17B. The source line 18B extends in 
the X-direction similarly as the gate electrode (read 
word line) 14 . 

One of the metal layers constituting the second 
metal wiring layer functions as the intermediate layer 
20A for vertically stacking a plurality of contact 
plugs, and another layer functions as the write word 
line 20B. The intermediate layer 20A is electrically 
connected to the intermediate layer 18A by the contact 
plug 19. The write word line 20B extends, for example, 
in the X-direction similarly as the gate electrode 
(read word line) 14. 

In the device structure of the present example, 
the lower and side surfaces of the intermediate layer 
20A and write word line 20B are coated with the 
material having the high permeability, that is, yoke 
materials 25A, 25B. The yoke materials 25A, 25B for 
use herein are limited to the materials which have 
conductivity . 

A magnetic flux has a property of being 



concentrated on the material which has the high 
permeability. Therefore, when the material having the 
high permeability is used as a traction material of 
a magnetic force line, a magnetic field Hy generated by 
a write current flowing through the write word line 2 OB 
can efficiently be concentrated on the MTJ element 23 
at a write operation time. 

The present object can sufficiently be achieved, 
when the lower and side surfaces of the write word line 
20B are coated with the yoke material. Additionally, 
in actual, the yoke materials are formed on the lower 
and side surfaces of the intermediate layer 20A. This 
is because the intermediate layer 20A and write word 
line 20B are simultaneously formed as the second metal 
wiring layer . 

One of the metal layers constituting the third 
metal wiring layer functions as the lower electrode 22 
of the MTJ element 23. The lower electrode 22 is 
electrically connected to the intermediate layer 20A by 
the contact plug 21. The MTJ element 23 is mounted on 
the lower electrode 22. Here, the MTJ element 23 is 
disposed right on the write word line 2 OB, and formed 
in the rectangular shape long in the X-direction 
(magnetization easy axis is the X-direction) . 

One of the metal layers constituting the fourth 
metal wiring layer functions as the data selection line 
(read/write bit line) 24. The data selection line 24 
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is electrically connected to the MTJ element 23, and 
extends in the Y-direction. 

In the device structure of the present example, 
the upper and side surfaces of the data selection 
5 line 24 are coated with the material having the high 

permeability, that is, a yoke material 26. As shown in 
FIGS. 8 and 9, the yoke material 26 for use herein can 
be constituted of a material which has conductivity, 
or may also be constituted of a material which has 

10 insulation property. 

The yoke material 2 6 can be constituted of, for 
example, NiFe, CoFe, amorphous -CoZrNb, FeAlSi, FeNx, 
and the like. 

As described above, the magnetic flux has the 

15 property of being concentrated on the material which 

has the high permeability. Therefore, when the 
material having the high permeability is used as 
the traction material of the magnetic force line, 
a magnetic field Hx generated by the write current 

20 flowing through the data selection line 24 can 

efficiently be concentrated on the MTJ element 23 at 
the write operation time. 

It is to be noted that the structure of the MTJ 
element 23 is not especially limited. The structure 

2 5 may be the structure shown in FIG. 1 or any other 

structure. Moreover, the MTJ element 23 may also be 
of the multi -valued storage type in which data of 



a plurality of bits can be stored. 

In this device structure, the yoke material 25B 
is formed on the lower and side surfaces of the write 
word line 20B disposed right under the MTJ element 23. 
Moreover, the yoke material 26 is formed on the 
upper and side surfaces of the data selection line 
(read/write bit line) 24 disposed right on the MTJ 
element 23. 

However, in this case, the yoke material 25B 
around the write word line 2 OB is also formed in 
a lower corner portion, and the yoke material 2 6 around 
the data selection line 24 is also formed in an upper 
corner portion. 

For the yoke materials 2 5B, 2 6 of the corner 
portions of the write word line 20B and data selection 
line 24, it is very difficult to control the film 
thickness in a manufacturing time (e.g., sputtering 
time) , and this causes disorder in arrangement of 
magnetic domain of the yoke materials 25B, 26. As a 
result, convergence effect of the magnetic field by 
the yoke materials 25B, 26 is reduced, and it becomes 
impossible to efficiently supply the magnetic field to 
the MTJ element. 

3 . First Embodiment 

Embodiments of the present invention will next be 
described based on the above-described first and second 
reference examples. The embodiment of the present 



invention relates to the device structure of the 
magnetic random access memory in which the magnetic 
domain of the yoke material disposed around the write 
line can easily be controlled and the magnetic field 
can efficiently be concentrated on the MTJ element. 
(1) Structure 

FIGS. 10 and 11 show the device structure of the 
magnetic random access memory according to a first 
embodiment of the present invention. It is to be noted 
that FIG. 10 shows the section of the Y-direction, and 
FIG. 11 shows the section of the X-direction of the MTJ 
element portion of FIG. 10. The X-direction crosses at 
right angles to the Y-direction. 

The device structure of the present embodiment is 
characterized in that the yoke material disposed on the 
lower or upper surface of the write line is separated 
from the yoke material disposed on the side surface of 
the write line by a barrier layer and the yoke material 
extending to the side surface from the lower or upper 
surface is prevented from being formed on the corner 
portion of the write line. 

That is, the magnetic domain control of the yoke 
material disposed on the lower or upper surface of the 
write line and the magnetic domain control of the yoke 
material disposed on the side surface of the write line 
are separately performed, thereby the magnetic domain 
control of the yoke material around the write line is 



facilitated, and the application efficiency of the 
magnetic field with respect to the MTJ element is 
enhanced . 

The element separation insulating layers 12 
including the STI structure are formed in the semicon- 
ductor substrate (e.g., the p-type silicon substrate, 
p-type well region, and the like) 11. The region 
surrounded with the element separation insulating 
layers 12 is the element region in which the read 
selection switch is formed. 

The read selection switch is constituted of 
the MOS transistor (n-channel type MOS transistor) . 
The gate insulating layer 13, gate electrode 14, and 
side wall insulating layers 15 are formed on the 
semiconductor substrate 11. The gate electrode 14 
extends in the X-direction, and functions as the read 
word line for selecting the read cell (MTJ element) at 
the read operation time. 

The source region (e.g., n-type diffusion layer) 
16-S and drain region (e.g., n-type diffusion layer) 
16-D are formed in the semiconductor substrate 11. 
The gate electrode (read word line) 14 is disposed on 
the channel region between the source region 16-S and 
drain region 16-D. 

One of the metal layers constituting the first 
metal wiring layer functions as the intermediate layer 
18A for vertically stacking a plurality of contact 



plugs, and another layer functions as the source 
line 18B. 

The intermediate layer 18A is electrically 
connected to the drain region 16-D of the read 
selection switch (MOS transistor) by the contact plug 
17A. The source line 18B is electrically connected to 
the source region 16-S of the read selection switch via 
the contact plug 17B. The source line 18B extends in 
the X-direction, for example, similarly as the gate 
electrode (read word line) 14. 

One of the metal layers constituting the second 
metal wiring layer functions as the intermediate layer 
2 OA for vertically stacking a plurality of contact 
plugs, and another layer functions as the write word 
line 20B. The intermediate layer 20A is electrically 
connected to the intermediate layer 18A by the contact 
plug 19. The write word line 20B extends, for example, 
in the X-direction similarly as the gate electrode 
(read word line) 14. 

The lower surfaces of the intermediate layer 2 OA 
and write word line 20B are coated with the material 
having the high permeability, that is, yoke materials 
25A1, 25B1. The yoke materials 25A1, 25B1 for use 
herein are limited to the materials which have 
conductivity . 

Barrier metals (e.g., Ti, TiN or a lamination of 
these) 2 7a, 2 7b are formed right under the yoke 
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materials 25A1, 25B1, and barrier metals (e.g., Ti , TiN 
or the lamination of these) 2 7c, 2 7d are formed right 
on the barrier metals. That is, the yoke materials 
25A1, 25B1 are held between the barrier metals 27a, 
5 27b, 27c, 27d. 

The barrier metals 27a, 27b, 27c, 27d prevent 
atoms constituting the yoke materials 25A1, 25B1 from 
being diffused. 

Moreover, the side surfaces of the intermediate 

10 layer 20A and read word line 20B are also coated with 

the materials which have high permeability, that is, 
yoke materials 25A2, 25B2. Here, the yoke materials 
25A2, 25B2 for use herein may have either conductivity 
or insulation property. 

15 When the yoke materials 25A1, 25B1, 25A2, 25B2 are 

used as the traction material of the magnetic force 
line, the magnetic field Hy generated by the write 
current flowing through the write word line 2 OB can 
efficiently be concentrated on the MTJ element 23. 

20 Barrier layers 28a, 28b (e.g., Ti, TiN or the 

lamination of these, or Ta, TaN or the lamination 
of these) are formed on the side surfaces of the 
intermediate layer 20A and write word line 20B. 
The barrier layers 28a, 28b separate the yoke materials 

25 25A1, 25B1 with which the lower surfaces of the 

intermediate layer 20A and write word line 20B are 
coated from the yoke materials 25A2, 25B2 with which 
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the side surfaces are coated. 

The barrier layers 28a, 28b may have either the 
conductivity or insulation property. Moreover, the 
barrier layers 28a, 28b may have the same functions as 
those of the barrier metals 27a, 27b. In this case, 
since the barrier layers 28a, 28b sufficiently fulfill 
a diffusion prevention function of atoms, each of the 
layers preferably has a thickness of at least about 
2 0 nm. 

One of the metal layers constituting the third 
metal wiring layer functions as the lower electrode 22 
of the MTJ element 23. The lower electrode 22 is 
electrically connected to the intermediate layer 20A by 
the contact plug 21. The MTJ element 23 is mounted on 
the lower electrode 22. Here, the MTJ element 23 is 
disposed right on the write word line 2 OB, and formed 
in the rectangular shape long in the X-direction 
(magnetization easy axis is the X-direction) . 

One of the metal layers constituting the fourth 
metal wiring layer functions as the data selection line 
(read/write bit line) 24. The data selection line 24 
is electrically connected to the MTJ element 23, and 
extends in the Y-direction. 

The upper surface of the data selection line 24 is 
coated with the material having the high permeability, 
that is, the yoke material 26. The yoke material 26 
for use herein may have either conductivity or 
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insulation property. 

A barrier metal (e.g., Ti, TiN or the lamination 
of these) 29 for preventing the atoms from being 
diffused is formed on the lower surface of the data 
5 selection line 24, and a barrier layer (e.g., Ti, 

TiN or the lamination of these, or Ta, TaN or the 
lamination of these) 30 is formed on the upper surface 
of the data selection line . 

Moreover, the side surface of the data selection 

10 line 24 is also coated with the material which has 

the high permeability, that is, yoke materials 32. 
The yoke material 32 for use herein may have either 
conductivity or insulation property. 

When the yoke materials 26, 32 are used as the 

15 traction material of the magnetic force line, the 

magnetic field .Hx generated by the write current 
flowing through the data selection line 24 can 
efficiently be concentrated on the MTJ element 23. 

Barrier layers 31 (e.g., Ti , TiN or the lamination 

20 of these, or Ta, TaN or the lamination of these) are 

formed on the side surfaces of the data selection line 
24. The barrier layers 31 separate the yoke material 
26 with which the upper surface of the data selection 
line 24 is coated from the yoke materials 32 with which 

25 the side surfaces of the data selection line are 

coated. 

The barrier layers 30, 31 may have either the 
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conductivity or insulation property. Moreover, the 
barrier layers 30, 31 may have the same functions as 
those of the barrier metal 29. Since the barrier 
layers 30, 31 sufficiently fulfill the diffusion 
5 prevention function of atoms, each of the layers 

preferably has a thickness of at least about 20 nm. 

It is to be noted that the structure of the MTJ 
element 23 is not especially limited. The structure 
may be the structure shown in FIG. 1 or any other 
10 structure. Moreover, the MTJ element 23 may also be 

of the mult i -valued storage type in which data of 
a plurality of bits can be stored. 
(2) Manufacturing Method 

A manufacturing method of the magnetic random 
15 access memory according to the first embodiment of the 

present invention will next be described. 

First, as shown in FIG. 12, known methods such as 
a photo engraving process (PEP) method, chemical vapour 
deposition (CVD) method, and chemical mechanical 
20 polishing (CMP) process are used to form the element 

separation insulating layer 12 including the STI 
structure in the semiconductor substrate 11. 

Moreover, the MOS transistor as the read selection 
switch is formed in the element region surrounded with 
25 the element separation insulating layer 12. 

After forming the gate insulating layer 13 and 
gate electrode (read word line) 14 by CVD method, PEP 
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method, and reactive ion etching (RIE) method, the 
source region 16 -S and drain region 16 -D are formed by 
an ion implantation method, so that the MOS transistor 
can easily be formed. It is to be noted that the side 
5 wall insulating layers 15 may also be formed on side 

wall portions of the gate electrode 14 by the CVD and 
RIE methods. 

Thereafter, an insulating layer 28A with which the 
MOS transistor is completely coated is formed by the 

10 CVD method. Moreover, the surface of the insulating 

layer 2 8A is flatted using the CMP method. Contact 
holes reaching the source region 16 -S and drain region 
16-D of the MOS transistor are formed in the insulating 
layer 2 8A using the PEP and RIE methods. 

15 Barrier metals (e.g., Ti , TiN, or the lamination 

of these) 51 are formed on the insulating layer 28A and 
on the inner surfaces of the contact holes by a sputter 
method. Subsequently, conductive materials (e.g., 
a conductive polysilicon film including impurities, 

20 metal film, and the like) with which the contact holes 

are completely filled are formed on the insulating 
layer 2 8A by the sputter method. Moreover, by the CMP 
method, the conductive materials and barrier metals 51 
are polished, and the contact plugs 17A, 17B are 

2 5 formed. 

An insulating layer 2 8B is formed on the 
insulating layer 2 8A using the CVD method. The PEP and 
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RIE methods are used to form wiring trenches in the 
insulating layer 28B. The sputter method is used to 
form barrier metals (e.g., Ti, TiN, or the lamination 
of these) 52 on the insulating layer 28B and on the 
inner surfaces of the wiring trenches. Subsequently, 
the conductive materials (e.g., metal films such as 
aluminum and copper) with which the wiring trenches are 
completely filled are formed on the insulating layer 
2 8B by the sputter method. Thereafter, by the CMP 
method, the conductive materials and barrier metals 52 
are polished, and the intermediate layer 18A and source 
line 18B are formed. 

Subsequently, the CVD method is used to form 
an insulating layer 28C on the insulating layer 28B. 
The PEP and RIE methods are used to form via holes in 
the insulating layer 28C. By the sputter method, 
barrier metals (e.g., Ti , TiN, or the lamination of 
these) 53 are formed on the insulating layer 28C and on 
the inner surfaces of the via holes. Subsequently, by 
the sputter method, the conductive materials (e.g., 
the metal films such as aluminum and copper) with which 
the via holes are completely filled are formed on the 
insulating layer 28C. Thereafter, by the CMP method, 
the conductive materials and barrier metals 53 are 
polished, and a via plug 19 is formed. 

Subsequently, as shown in FIG. 13, by the sputter 
method, the barrier metals (e.g., a lamination of Ti 
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(10 nm) and TiN (10 nm) ) 27a, 27b are formed on the 
insulating layer 2 8C. Subsequently, the sputter method 
is used to form the yoke materials (e.g., NiFe) 25A1, 
25B1 which have the high permeability in a thickness of 
5 about 5 0 nm on the' barrier metals 2 7a, 2 7b. Moreover, 

the sputter method is used to form barrier metals 
(e.g., the lamination of Ti (10 nm) and TiN (10 nm) ) 
27c, 27d on the yoke materials 25A1, 25B1. 

Furthermore, the sputter method is continuously 

10 used to form, the conductive material (e.g., AlCu) in 

a thickness of about 250 nm on the barrier metals 27c, 
2 7d. Thereafter, the PEP and RIE methods are used to 
etch the conductive materials, yoke materials 25A1, 
25B1, and barrier metals 27a, 27b, 27c, 27d, so that 

15 the intermediate layer 20A and write word line 20B are 

formed . 

Additionally, the sputter method is used to form 
the barrier layers (e.g., a lamination of Ta (10 nm) 
and TaN (10 nm) ) 28a, 28b with which the intermediate 

2 0 layer 2 OA and write word line 2 0B are coated. The 

sputter method is continuously used to form the yoke 
materials (e.g., NiFe) 25A2, 25B2 which have the high 
permeability in a thickness of about 50 nm on the 
barrier layers 28a, 28b. 

2 5 Moreover, by the RIE method, the yoke materials 

25A2, 25B2 and barrier layers 28a, 28b are etched, so 
that the yoke materials 25A2, 25B2 and barrier layers 



28a, 28b remain only on the side wall portions of the 
intermediate layer 2 OA and write word line 2 OB. 

Thereafter, the CVD method is used to form an 
insulating layer 29A with which the intermediate layer 
20A and write word line 20B are completely coated on 
the insulating layer 28C. Moreover, the surface of the 
insulating layer 29A is flatted, for example, by the 
CMP method. 

Subsequently, as shown in FIG. 14, the PEP and RIE 
methods are used to form the via holes which reach 
the intermediate layer 2 OA in the insulating layer 2 9A. 
By the sputter method, barrier metals (e.g., Ti, TiN, 
or the lamination of these) 55 are formed on the 
insulating layer 2 9A and on the inner surfaces of the 
via holes in a thickness of about 10 nm. Subsequently, 
the conductive materials (e.g., the metal film such as 
tungsten) with which the via holes are completely 
filled are formed on the insulating layer 2 9A by 
the CVD method. Thereafter, by the CMP method, 
the conductive materials and barrier metals 55 are 
polished, and a via plug 21 is formed. 

The CVD method is used to form an insulating layer 
3 OA on the insulating layer 2 9A. The PEP and RIE 
methods are used to form the wiring trenches in the 
insulating layer 3 OA. By the sputter method, the 
conductive materials (e.g., the metal films such as Ta) 
with which the wiring trenches are completely filled 



are formed on the insulating layer 3 OA in a thickness 
of about 3 0 nm. Thereafter, by the CMP, the conductive 
materials are polished, and a local interconnect line 
(lower electrode of the MTJ element) 22 is formed. 

The CVD method is used to successively deposit 
a plurality of layers on the local interconnect line 
22, and these plurality of layers are further patterned 
to form the MTJ elements 23. 

The MTJ element 23 is constituted of a lamination 
film including, for example, Ta (about 4 0 nm) , NiFe 
(about 10 nm) , Al 2 0 3 (about 2 nm) , CoFe (about 10 nm) , 
and IrMn (about 10 nm) , or a lamination film including 
NiFe (about 5 nm) , IrMn (about 12 nm) , CoFe (about 
3 nm) , AlOx (about 1.2 nm) , CoFe (about 5 nm) , and NiFe 
(about 15 nm) . 

Moreover, the CVD method is used to form an 
insulating layer 30B with which the MTJ element 23 is 
coated, and subsequently, the insulating layer 3 0B on 
the MTJ element 23 is removed, for example, by the CMP 
method. As a result, a topmost layer of the MTJ 
element 23 is exposed, and only the side surface of the 
MTJ element 23 is coated with the insulating layer 30B. 

It is to be noted that to constitute the topmost 
layer of the MTJ element 2 3 by Ta or W, the topmost 
layer of the MTJ element 23 is exposed, and 
subsequently the data selection line described later 
can directly be formed. 
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Subsequently, as shown in FIG. 15, the barrier 
metal (e.g., the lamination of Ti (10 nm) and TiN 
(10 nm) ) 2 9 is formed on the insulating layer 30B by 
the sputter method. Continuously, the conductive 
5 material (such as AlCu) is formed in a thickness of 

about 4 00 nm on the barrier metal 2 9 by the sputter 
method. Continuously, the barrier layer (e.g., the 
lamination of Ta (10 nm) and TaN (10 nm) ) 3 0 is formed 
on the conductive material by the sputter method. 

10 Furthermore, the yoke material (such as NiFe) 26 

which has the high permeability is continuously formed 
in a thickness of about 50 nm on the barrier layer 3 0 
by the sputter method. Thereafter, the PEP method is 
used to form a resist pattern 33. 

15 Additionally, the RIE method is used, and the 

resist pattern 33 is used as a mask to etch the yoke 
material 26, barrier layer 30, conductive material, 
and barrier metal 29, so that the data selection line 
(read/write bit line) 24 is formed. 

20 Thereafter, the resist pattern 33 is removed. 

Subsequently, as shown in FIG. 16, the barrier 
layer (e.g., the lamination of Ta (10 nm) and TaN 
(10 nm) ) 31 with which the data selection line 24 is 
coated is formed on the insulating layer 3 0B by the 

25 sputter method. Continuously, the yoke material (such 

as NiFe) 32 which has the high permeability is formed 
in a thickness of about 50 nm on the barrier layer 31 



by the sputter method. 

Moreover, when the yoke material 3 2 and barrier 
layer 31 are etched by the RIE method, as shown in 
FIG. 17, the yoke material 32 and barrier layer 31 
remain only on the side wall portion of the data 
selection line 24. 

The magnetic random access memory of the first 
embodiment (FIGS. 10 and 11) is completed by the 
above-described steps . 

(3) Conclusion 

As described above, according to the first 
embodiment, the lower surface of the write word line 
20B is coated with the yoke material 25B1, and the side 
surface of the line is coated with the yoke material 
25B2. Moreover, since the yoke materials 25B1, 25B2 
are separated from each other by the barrier layer 2 8b, 
the yoke material covering the lower and side surfaces 
of the write word line is not formed in the lower 
corner portion of the write word line 20B. 

Therefore, the magnetic domains of the yoke 
materials 25B1, 25B2 are easily controlled, and the 
magnetic field Hy generated by the write current 
flowing through the write word line 20B can efficiently 
be exerted onto the MTJ element 23 . 

Moreover, according to the first embodiment, the 
upper surface of the data selection line 24 is coated 
with the yoke material 26, and the side surface of the 
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data selection line is coated with the yoke material 
32. Furthermore, since the yoke materials 26, 32 are 
separated from each other by the barrier layer 31, the 
yoke material covering the upper and side surfaces of 
the data selection line is not formed in the upper 
corner portion of the data selection line 24. 

Therefore, the magnetic domains of the yoke 
materials 26, 32 are easily controlled, and the 
magnetic field Hx generated by the write current 
flowing through the data selection line 24 can 
efficiently be exerted onto the MTJ element 23. 

4 . Second Embodiment 

FIGS. 18 and 19 show the device structure of the 
magnetic random access memory according to a second 
embodiment of the present invention. It is to be noted 
that FIG. 18 shows the section of the Y-direction, and 
FIG. 19 shows the section of the X-direction of the MTJ 
element portion of FIG. 18. The X-direction crosses at 
right angles to the Y-direction. 

The device structure of the present embodiment is 
characterized in that the yoke material covering the 
lower and side surfaces of the write line is coated 
with the barrier layer having a function of preventing 
the diffusion of the atoms and the yoke material 
covering the upper and side surf aces. of the data 
selection line is further coated with the barrier layer 
having the function of preventing the diffusion of 
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atoms . 

The element separation insulating layers 12 
including the STI structure are formed in the 
semiconductor substrate (such as the p-type silicon 
5 substrate and p-type well region) 11. The region 

surrounded with the element separation insulating 
layers 12 is the element region in which the read 
selection switch is formed. 

The read selection switch is constituted of 

10 the MOS transistor (n-channel type MOS transistor) . 

The gate insulating layer 13, gate electrode 14, and 
side wall insulating layers 15 are formed on the 
semiconductor substrate 11. The gate electrode 14 
extends in the X-direction, and functions as the read 

15 word line for selecting the read cell (MTJ element) at 

the read operation time. 

The source region (e.g., n-type diffusion layer) 
16-S and drain region (e.g., n-type diffusion layer) 
16-D are formed in the semiconductor substrate 11. 

20 The gate electrode (read word line) 14 is disposed on 

the channel region between the source region 16-S and 
drain region 16-D. 

One of the metal layers constituting the first 
metal wiring layer functions as the intermediate layer 

25 18A for vertically stacking a plurality of contact 

plugs, and another layer functions as the source 
line 18B. 
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The intermediate layer 18A is electrically 
connected to the drain region 16 -D of the read 
selection switch (MOS transistor) by the contact plug 
17A. The source line 18B is electrically connected to 
5 the source region 16 -S of the read selection switch via 

the contact plug 17B. The source line 18B extends in 
the X-direction, for example, similarly as the gate 
electrode (read word line) 14. 

One of the metal layers constituting the second 

10 metal wiring layer functions as the intermediate layer 

20A for vertically stacking a plurality of contact 
plugs, and another layer functions as the write word 
line 20B. The intermediate layer 20A is electrically 
connected to the intermediate layer 18A by the contact 

15 plug 19. The write word line 20B extends, for example, 

in the X-direction similarly as the gate electrode 
(read word line) 14. 

The lower surfaces of the intermediate layer 2 OA 
and write word line 2 OB are coated with the material 

20 having the high permeability, that is, yoke materials 

25A1, 25B1. 

The barrier metals (e.g., Ti, TiN, or the 
lamination of these) 2 7a, 2 7b are formed right under 
the yoke materials 2 5A1, 25B1, and the barrier metals 

25 (e.g., Ti , TiN, or the lamination of these) 27c, 27d 

are formed right on the barrier metals. That is, the 
yoke materials 25A1, 25B1 are held between the barrier 



metals 27a, 27b, 27c, 27d. 

Moreover, the side surfaces of the intermediate 
layer 20A and write word line 20B are also coated with 
the materials which have high permeability, that is, 
yoke materials 25A2, 25B2. 

When the yoke materials 25A1, 25B1, 25A2, 25B2 are 
used as the traction material of the magnetic force 
line, the magnetic field Hy generated by the write 
current flowing through the write word line 20B can 
efficiently be concentrated on the MTJ element 23. 

The barrier layers 28a, 28b (e.g., Ti , TiN, or 
the lamination of these, or Ta, TaN, or the lamination 
of these) are formed on the side surfaces of the 
intermediate layer 20A and write word line 20B. 
The barrier layers 28a, 28b separate the yoke materials 
25A1, 25B1 with which the lower surfaces of the 
intermediate layer 2 OA and write word line 2 OB are 
coated from the yoke materials 25A2, 25B2 with which 
the side surfaces are coated. 

The barri er layers 2 8a, 2 8b may have either the 
conductivity or insulation property. Moreover, the 
barrier layers 28a, 28b may have the same functions as 
those of the barrier metals 27a, 27b. 

Additionally, when the atoms of the materials 
constituting the yoke materials 25A1, 25B1, 25A2, 25B2 
reach the semiconductor substrate 11 by the diffusion, 
the characteristics of the read selection switch (MOS 
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transistor) formed on the surface region of the 
semiconductor substrate 11 are sometimes adversely 
affected. 

To solve the problem, in the second embodiment, 
5 the yoke materials 25A1, 25B1, 25A2, 25B2 are coated 

with the barrier layer (such as SiN) 34 which has 
the function of preventing the diffusion of atoms. 
Thereby, the diffusion of the atoms of the materials 
constituting the yoke materials 25A1, 25B1, 25A2, 25B2 
10 is suppressed. 

It is to be noted that the barrier layer 34 is 
constituted of an insulating material. Additionally, 
the barrier layer 34 may also be constituted of the 
conductive material, if the problem of short-circuit 
15 between the wires disposed adjacent to each other can 

be solved. 

One of the metal layers constituting the third 
metal wiring layer functions as the lower electrode 22 
of the MTJ element 23 . The lower electrode 22 is 

20 electrically connected to the intermediate layer 20A by 

the contact plug 21. The MTJ element 23 is mounted on 
the lower electrode 22. Here, the MTJ element 23 is 
disposed right on the write word line 2 OB, and formed 
in the rectangular shape long in the X-direction 

25 (magnetization easy axis is the X-direction) . 

One of the metal layers constituting the fourth 
metal wiring layer functions as the data selection line 
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(read/write bit line) 24. The data selection line 24 
is electrically connected to the MTJ element 23, and 
extends in the Y-direction. 

The upper surface of the data selection line 24 is 
5 coated with the material having the high permeability, 

that is, the yoke material 26. The barrier metal 
(e.g., Ti, TiN, or the lamination of these) 29 is 
formed on the lower surface of the data selection line 
24, and the barrier layer (e.g., Ti, TiN, or the 
10 lamination of these, or Ta, TaN, or the lamination of 

these) 3 0 is formed on the upper surface of the data 
selection line. 

Moreover, the side surface of the data selection 
line 24 is also coated with the material which has the 
15 high permeability, that is, the yoke materials 32. 

When the yoke materials 26, 32 are used as the 
traction material of the magnetic force line, the 
magnetic field Hx generated by the write current 
flowing through the data selection line 24 can 
20 efficiently be concentrated on the MTJ element 23. 

The barrier layers 31 (e.g., Ti , TiN, or the 
lamination of these, or Ta, TaN, or the lamination of 
these) are formed on the side surfaces of the data 
selection line 24 . The barrier layers 31 separate 
25 the yoke material 26 with which the upper surface of 

the data selection line 24 is coated from the yoke 
materials 32 with which the side surfaces of the data 
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selection line are coated. 

The barrier layers 30, 31 may have either the 
conductivity or insulation property. Moreover, the 
barrier layers 30, 31 may have the same functions as 
5 those of the barrier metal 29. 

Also with respect to the yoke materials 26, 32, 
similarly as the yoke materials 25A1, 25B1, 25A2, 25B2 
with which the write word line 20B is coated, when the 
atoms of the materials constituting the yoke materials 
10 reach the semiconductor substrate 11 by the diffusion, 

the characteristics of the read selection switch (MOS 
transistor) formed in the surface region of the 
semiconductor substrate 11 are sometimes adversely 
affected . 

15 To solve the problem, the yoke materials 26, 32 

are coated with barrier layer (such as SiN) 35 which 
has the function of preventing the diffusion of atoms. 
Thereby, the diffusion of the atoms of the materials 
constituting the yoke materials 26, 32 is suppressed. 

20 It is to be noted that the barrier layer 35 is 

constituted of the insulating material. Additionally, 
the barrier layer 35 may also be constituted of the 
conductive material, if the problem of short-circuit 
between the wires disposed adjacent to each other can 

2 5 be solved . 

(2) Manufacturing Method 

The manufacturing method of the magnetic random 
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access memory according to the second embodiment of 
the present invention will next be described. 

First, as shown in FIG. 20, the methods such as 
the PEP, CVD, and CMP methods are used to form the 
5 element separation insulating layer 12 including the 

STI structure in the semiconductor substrate 11. 

Moreover, the MOS transistor as the read selection 
switch is formed in the element region surrounded with 
the element separation insulating layer 12 . 

10 After forming the gate insulating layer 13 and 

gate electrode (read word line) 14 by the CVD, PEP, and 
RIE methods, the source region 16 -S and drain region 
16 -D are formed by an ion implantat ion method, so that 
the MOS transistor can easily be formed. The side wall 

15 insulating layers 15 may also be formed on side wall 

portions of the gate electrode 14 by the CVD and RIE 
methods . 

Thereafter, the insulating layer 28A with which 
the MOS transistor is completely coated is formed 

2 0 by the CVD method. Moreover, the surface of the 

insulating layer 28A is flatted using the CMP method. 
The contact holes reaching the source region 16-S and 
drain region 16-D of the MOS transistor are formed in 
the insulating layer 28A using the PEP and RIE methods. 

25 The barrier metals (e.g., Ti , TiN, or the 

lamination of these) 51 are formed on the insulating 
layer 28A and on the inner surfaces of the contact 
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holes by the sputter method. Continuously, the 
conductive materials (e.g., the conductive polysilicon 
film including the impurities, metal film, and the 
like) with which the contact holes are completely 
5 filled are formed on the insulating layer 28A by 

the sputter method. Moreover, by the CMP method, 
the conductive materials and barrier metals 51 are 
polished, and the contact plugs 17A, 17B are formed. 
The insulating layer 2 8B is formed on the 

10 insulating layer 28A using the CVD method. The PEP 

and RIE methods are used to form the wiring trenches in 
the insulating layer 28B. The sputter method is used 
to form the barrier metals (e.g., Ti , TiN, or the 
lamination of these) 52 on the insulating layer 28B 

15 and on the inner surfaces of the wiring trenches. 

Continuously, the conductive materials (e.g., the metal 
films such as aluminum and copper) with which the 
wiring trenches are completely filled are formed on 
the insulating layer 2 8B by the sputter method. 

2 0 Thereafter, by the CMP, the conductive materials and 

barrier metals 52 are polished, and the intermediate 
layer 18A and source line 18B are formed. 

Subsequently, the CVD method is used to form 
the insulating layer 28C on the insulating layer 28B. 

2 5 The PEP and RIE methods are used to form the via holes 

in the insulating layer 28C. By the sputter method, 
the barrier metals (e.g., Ti , TiN, or the lamination of 
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these) 53 are formed on the insulating layer 28C and on 
the inner surfaces of the via holes. Continuously, by 
the sputter method, the conductive materials (e.g., the 
metal films such as aluminum and copper) with which the 
5 via holes are completely filled are formed on the 

insulating layer 28C. Thereafter, by the CMP method, 
the conductive materials and barrier metals 53 are 
polished, and the via plug 19 is formed. 

Subsequently, as shown in FIG. 21, by the sputter 

10 method, the barrier metals (e.g., the lamination of Ti 

(10 nm) and TiN (10 nm) ) 27a, 27b are formed on the 
insulating layer 28C. Subsequently, the sputter method 
is used to form the yoke materials (e.g., NiFe) 25A1, 
25B1 which have the high permeability in a thickness of 

15 about 5 0 nm on the barrier metals 2 7a, 2 7b. Moreover, 

the sputter method is used to form the barrier metals 
(e.g., the lamination of Ti (10 nm) and TiN (10 nm) ) 
27c, 27d on the yoke materials 25A1, 25B1. 

Furthermore, the sputter method is continuously 

20 used to form the conductive material (e.g., AlCu) in 

a thickness of about 250 nm on the barrier metals 27c, 
27d. Thereafter, the PEP and RIE methods are used to 
etch the conductive materials, yoke materials 25A1, 
25B1, and barrier metals 27a, 27b, 27c, 27d, so that 

25 the intermediate layer 20A and write word line 20B are 

formed . 

Additionally, the sputter method is used to form. 
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the barrier layers (e.g., the lamination of Ta (10 nm) 
and TaN (10 nm) ) 2 8a, 2 8b with which the intermediate 
layer 20A and write word line 20B are coated. The 
sputter method is continuously used to form the yoke 
materials (e.g., NiFe) 25A2, 25B2 which have the high 
permeability in a thickness of about 50 nm on the 
barrier layers 28a, 28b. 

Moreover, by the RIE method, the yoke materials 
25A2, 25B2 and barrier layers 28a, 28b are etched, so 
that the yoke materials 25A2, 25B2 and barrier layers 
28a, 28b remain only on the side wall portions of the 
intermediate layer 20A and write word line 20B. 

Thereafter, the CVD method is used to form the 
barrier layer (such as SiN) 34 with which the yoke 
materials 25A1, 25B1, 25A2, 25B2 are coated in 
a thickness of about 2 0 nm. The CVD method is 
continuously used to form the insulating layer 2 9A with 
which the intermediate layer 20A and write word line 
20B are completely coated on the barrier layer 34. 
Moreover, for example, by the CMP method, the surface 
of the insulating layer 29A is flatted. 

Subsequently, as shown in FIG. 22, the PEP and RIE 
methods are used to form the via holes which reach the 
intermediate layer 20A in the insulating layer 29A. 
By the sputter method, the barrier metals (e.g., Ti, 
TiN, or the lamination of these) 55 are formed on the 
insulating layer 2 9A and on the inner surfaces of the 



via holes in a thickness of about 10 nm. Continuously, 
the conductive materials (e.g., the metal film such as 
tungsten) with which the via holes are completely 
filled are formed on the insulating layer 2 9A by 
the CVD method. Thereafter, by the CMP method, 
the conductive materials and barrier metals 55 are 
polished, and the via plug 21 is formed. 

The CVD method is used to form the insulating 
layer 3 OA on the insulating layer 2 9A. The PEP and RIE 
methods are used to form the wiring trenches in the 
insulating layer 30A. By the sputter method, the 
conductive materials (e.g., the metal films such as Ta) 
with which the wiring trenches are completely filled 
are formed in a thickness of about 5 0 nm on the 
insulating layer 3 OA. Thereafter, by the CMP, the 
conductive materials are polished, and the local 
interconnect line (lower electrode of the MTJ element) 
22 is formed. 

The CVD method is used to successively deposit 
a plurality of layers on the local interconnect line 
22, and these plurality of layers are further patterned 
to form the MTJ elements 23. 

The CVD method is used to form the insulating 
layer 30B with which the MTJ element 23 is coated, 
and subsequently, the insulating layer 3 OB on the MTJ 
element 23 is removed, for example, by the CMP method. 
As a result, the topmost layer of the MTJ element 23 is 
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exposed, and only the side surfaces of the MTJ element 
23 are coated with the insulating layer 3 OB. 

It is to be noted that to constitute the topmost 
layer of the MTJ element 23 by Ta or W, the topmost 
5 layer of the MTJ element 2 3 is exposed, and 

subsequently the data selection line described later 
can directly be formed. 

Subsequently, as shown in FIG. 23, the barrier 
metal (e.g., the lamination of Ti (10 nm) and TiN 
10 (10 nm) ) 2 9 is formed on the insulating layer 3 OB by 

the sputter method. Continuously, the conductive 
material (such as AlCu) is formed in a thickness of 
about 400 nm on the barrier metal 29 by the sputter 
method. Continuously, the barrier layer (e.g., the 
15 lamination of Ta (10 nm) and TaN (10 nm) ) 30 is formed 

on the conductive material by the sputter method. 

Furthermore, the yoke material (such as NiFe) 2 6 
which has the high permeability is continuously formed 
in a thickness of about 50 nm on the barrier layer 3 0 
20 by the sputter method. Thereafter, the PEP method is 

used to form the resist pattern 33. 

Additionally, the RIE method is used, and the 
resist pattern 33 is used as the mask to etch the yoke 
material 26, barrier layer 30, conductive material, 
25 and barrier metal 29, so that the data selection line 

(read/write bit line) 24 is formed. 

Thereafter, the resist pattern 33 is removed. 
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Subsequently, as shown in FIG. 24, the barrier 
layer (e.g., the lamination of Ta (10 nm) and TaN 
(10 nm) ) 31 with which the data selection line 24 is 
coated is formed on the insulating layer 3 OB by the 
5 sputter method. Continuously, the yoke material (such 

as NiFe) 32 which has the high permeability is formed 
in a thickness of about 50 nm on the barrier layer 31 
by the sputter method. 

Moreover, when the yoke material 32 and barrier 
10 layer 31 are etched by the RIE method, as shown in 

FIG. 25, the yoke material 32 and barrier layer 31 
remain only on the side wall portions of the data 
selection line 24. 

Furthermore, as shown in FIG. 25, the CVD method 
15 is used to form the barrier layer (such as SiN) with 

which the yoke materials 26, 32 are coated in a 
thickness of about 2 0 nm. 

The magnetic random access memory of the second 
embodiment (FIGS. 18 and 19) is completed by the 
20 above-described steps. 

(3) Conclusion 

As described above, according to the second 
embodiment, the yoke materials 25A1, 25A2, 25B1, 25B2 
with which the lower and side surfaces of the 
25 intermediate layer 20A and write word line 20B are 

coated are further coated with the barrier layer 34 
which has the function of preventing the diffusion of 
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atoms. Moreover, the yoke materials 26, 32 with which 
the upper and side surfaces of the data selection line 
24 are coated are further coated with the barrier layer 
35 which has the function of preventing the diffusion 
of atoms . 

Therefore, the atoms of the materials constituting 
the yoke materials 25A1, 25A2, 25B1, 25B2, 26, 32 can 
be inhibited from being diffused in the semiconductor 
substrate 11, and the characteristics of the MOS 
transistor can be prevented from being deteriorated. 

5. Third Embodiment 

FIGS. 26 and 27 show the device structure of the 
magnetic random access memory according to a third 
embodiment of the present invention. It is to be noted 
that FIG. 26 shows the section of the Y-direction, and 
FIG. 27 shows the section of the X-direction of the MTJ 
element portion of FIG. 26. The X-direction crosses at 
right angles to the Y-direction. 

The device structure of the present embodiment is 
characterized in that hard masks (such as SiC^) are 
formed as masks at a wiring processing time right on 
the write word line and data selection line. 

The element separation insulating layers 12 
including the STI structure are formed in the 
semiconductor substrate (such as the p-type silicon 
substrate and p-type well region) 11. The region 
surrounded with the element separation insulating 
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layers 12 is the element region in which the read 
selection switch is formed. 

The read selection switch is constituted of 
the MOS transistor (n-channel type MOS transistor) . 
The gate insulating layer 13, gate electrode 14, and 
side wall insulating layers 15 are formed on the 
semiconductor substrate 11. The gate electrode 14 
extends in the X-direction, and functions as the read 
word line for selecting the read cell (MTJ element) at 
the read operation time. 

The source region (e.g., n-type diffusion layer) 
16-S and drain region (e.g., n-type diffusion layer) 
16-D are formed in the semiconductor substrate 11. 
The gate electrode (read word line) 14 is disposed on 
the channel region between the source region 16-S and 
drain region 16-D. 

One of the metal layers constituting the first 
metal wiring layer functions as the intermediate layer 
18A for vertically stacking a plurality of contact 
plugs, and another layer functions as the source 
line 18B. 

The intermediate layer 18A is electrically 
connected to the drain region 16-D of the read 
selection switch (MOS transistor) by the contact plug 
17A. The source line 18B is electrically connected to 
the source region 16-S of the read selection switch via 
the contact plug 17B. The source line 18B extends in 
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the X-direction, for example, similarly as the gate 
electrode (read word line) 14. 

One of the metal layers constituting the second 
metal wiring layer functions as the intermediate layer 
20A for vertically stacking a plurality of contact 
plugs, and another layer functions as the write word 
line 20B. The intermediate layer 20A is electrically 
connected to the intermediate layer 18A by the contact 
plug 19. The write word line 2 OB extends, for example, 
in the X-direction similarly as the gate electrode 
(read word line) 14. 

The lower surfaces of the intermediate layer 2 OA 
and write word line 20B are coated with the material 
having the high permeability, that is, yoke materials 
25A1, 25B1. 

The barrier metals (e.g., Ti , TiN, or the 
lamination of these) 27a, 27b are formed right under 
the yoke materials 25A1, 25B1, and the barrier metals 
(e.g., Ti, TiN, or the lamination of these) 27c, 27d 
are formed right on the barrier metals. That is, the 
yoke materials 25A1, 25B1 are held between the barrier 
metals 27a, 27b, 27c, 27d. 

Moreover, the side surfaces of the intermediate 
layer 20A and write word line 20B are also coated with 
the materials which have high permeability, that is, 
yoke materials 25A2, 25B2. 

When the yoke materials 2 5A1, 2 5B1, 2 5A2, 2 5B2 are 



used as the traction material of the magnetic force 
line, the magnetic field Hy generated by the write 
current flowing through the write word line 2 OB can 
efficiently be concentrated on the MTJ element 23. 

The barrier layers 28a, 28b (e.g., Ti , TiN, or 
the lamination of these, or Ta, TaN, or the lamination 
of these) are formed on the side surfaces of the 
intermediate layer 20A and write word line 20B. 
The barrier layers 28a, 28b separate the yoke materials 
25A1, 25B1 with which the lower surfaces of the 
intermediate layer 20A and write word line 20B are 
coated from the yoke materials 25A2, 25B2 with which 
the side surfaces are coated. 

The barrier layers 2 8a, 2 8b may have either the 
conductivity or insulation property. Moreover, the 
barrier layers 2 8a, 2 8b may have the same functions as 
those of the barrier metals 27a, 27b. 

Hard masks (such as Si0 2 ) 36A, 36B constituting 
the masks at the wiring processing time (RIE time) are 
formed right on the intermediate layer 2 OA and write 
word line 2 OB. 

One of the metal layers constituting the third 
metal wiring layer functions as the lower electrode 22 
of the MTJ element 23. The lower electrode 22 is 
electrically connected to the intermediate layer 20A by 
the contact plug 21. The MTJ element 23 is mounted on 
the lower electrode 22. Here, the MTJ element 23 is 
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disposed right on the write word line 2 OB, and formed 
in the rectangular shape long in the X-direction 
(magnetization easy axis is the X-direction) . 

One of the metal layers constituting the fourth 
metal wiring layer functions as the data selection line 
(read/write bit line) 24. The data selection line 24 
is electrically connected to the MTJ element 23, and 
extends in the Y-direction. 

The upper surface of the data selection line 24 is 
coated with the material having the high permeability, 
that is, the yoke material 26. The barrier metal 
(e.g., Ti, TiN, or the lamination of these) 29 is 
formed on the lower surface of the data selection line 
24, and the barrier layer (e.g., Ti , TiN, or the 
lamination of these, or Ta, TaN, or the lamination of 
these) 30 is formed on the upper surface of the data 
selection line. 

Moreover, the side surface of the data selection 
line 24 is also coated with the material which has the 
high permeability, that is, the yoke materials 32. 

When the yoke materials 26, 32 are used as the 
traction material of the magnetic force line, the 
magnetic field Hx generated by the write current 
flowing through the data selection line 24 can 
efficiently be concentrated on the MTJ element 23. 

The barrier layers 31 (e.g., Ti , TiN, or the 
lamination of these, or Ta, TaN, or the lamination of 
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these) are formed on the side surfaces of the data 
selection line 24. The barrier layers 31 separate 
the yoke material 2 6 with which the upper surface of 
the data selection line 24 is coated from the yoke 
5 materials 32 with which the side surfaces of the data 

selection line are coated. 

The barrier layers 30, 31 may have either the 
conductivity or insulation property. Moreover, the 
barrier layers 30, 31 may have the same functions as 
10 those of the barrier metal 29. 

A hard mask (such as SiC>2) 3 7 is formed as the 
mask at the wiring processing time (RIE time) right on 
the data selection line 24. 

(2) Manufacturing Method 
15 The manufacturing method of the magnetic random 

access memory according to the third embodiment of the 
present invention will next be described. 

First, as shown in FIG. 28, the methods such as 
the PEP, CVD, and CMP methods are used to form the 
2 0 element separation insulating layer 12 including the 

STI structure in the semiconductor substrate 11. 

Moreover, the MOS transistor as the read selection 
switch is formed in the element region surrounded with 
the element separation insulating layer 12 . 
2 5 After forming the gate insulating layer 13 and 

gate electrode (read word line) 14 by the CVD, PEP, and 
RIE methods, the source region 16 -S and drain region 
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16 -D are formed by the ion implantation method, so that 
the MOS transistor can easily be formed. The side wall 
insulating layers 15 may also be formed on side wall 
portions of the gate electrode 14 by the CVD and RIE 
methods . 

Thereafter, the insulating layer 28A with which 
the MOS transistor is completely coated is formed 
by the CVD method. Moreover, the surface of the 
insulating layer 2 8A is flatted using the CMP method. 
The contact holes reaching the source region 16-S and 
drain region 16 -D of the MOS transistor are formed in 
the insulating layer 28A using the PEP and RIE methods. 

The barrier metals (e.g., Ti, TiN, or the 
lamination of these) 51 are formed on the insulating 
layer 2 8A and on the inner surfaces of the contact 
holes by the sputter method. Continuously, the 
conductive materials (e.g., the conductive polysilicon 
film including the impurities, metal film, and the 
like) with which the contact holes are completely 
filled are formed on the insulating layer 28A by the 
sputter method. Moreover, by the CMP method, the 
conductive materials and barrier metals 51 are 
polished, and the contact plugs 17A, 17B are formed. 

The insulating layer 28B is formed on the 
insulating layer 2 8A using the CVD method. The PEP 
and RIE methods are used to form the wiring trenches 
in the insulating layer 28B. The sputter method is 



used to form the barrier metals (e.g., Ti , TiN, or 
the lamination of these) 52 on the insulating layer 
28B and on the inner surfaces of the wiring trenches. 
Continuously, the conductive materials (e.g., the metal 
films such as aluminum and copper) with which the 
wiring trenches are completely filled are formed on 
the insulating layer 2 8B by the sputter method. 
Thereafter, by the CMP, the conductive materials and 
barrier metals 52 are polished, and the intermediate 
layer 18A and source line 18B are formed. 

Subsequently, the CVD method is used to form 
the insulating layer 28C on the insulating layer 28B. 
The PEP and RIE methods are used to form the via holes 
in the insulating layer 28C. By the sputter method, 
the barrier metals (e.g., Ti , TiN, or the lamination of 
these) 53 are formed on the insulating layer 28C and on 
the inner surfaces of the via holes. Continuously, by 
the sputter method, the conductive materials (e.g., 
the metal films such as aluminum and copper) with which 
the via holes are completely filled are formed" on the 
insulating layer 28C. Thereafter, by the CMP method, 
the conductive materials and barrier metals 53 are 
polished, and the via plug 19 is formed. 

Subsequently, as shown in FIG. 29, by the sputter 
method, the barrier metals (e.g., the lamination of Ti 
(10 nm) and TiN (10 nm) ) 27a, 27b are formed on the 
insulating layer 28C. Subsequently, the sputter method 



60 



is used to form the yoke materials (e.g., NiFe) 25A1, 
2 5B1 which have the high permeability in a thickness of 
about 50 nm on the barrier metals 27a, 27b. Moreover, 
the sputter method is used to form the barrier metals 
(e.g., the lamination of Ti (10 nm) and TiN (10 nm) ) 
27c, 27d on the yoke materials 25A1, 25B1. 

Furthermore, the sputter method is continuously 
used to form the conductive material (e.g., AlCu) in 
a thickness of about 250 nm on the barrier metals 27c, 
2 7d. Moreover, the sputter method is used to form 
insulating layers (such as Si0 2 ) 36A, 36B as the hard 
masks in a thickness of about 100 nm on the conductive 
material . 

Thereafter, the resist pattern is formed by the 
PEP method. Moreover, the resist pattern is used as 
the mask to pattern the insulating layers 3 6A, 36B as 
the hard masks by the RIE method. Thereafter, the 
resist pattern is removed. 

Subsequently, this time the insulating layers 36A, 
36B are used as the masks to successively etch the 
conductive materials, yoke materials 25A1, 25B1, and 
barrier metals 27a, 27b, 27c, 27d by the RIE method, so 
that the intermediate layer 20A and write word line 20B 
are formed . 

Additionally, the sputter method is used to form 
the barrier layers (e.g., the lamination of Ta (10 nm) 
and TaN (10 nm) ) 28a, 28b with which the intermediate 



layer 2 OA and write word line 2 OB are coated. The 
sputter method is continuously used to form the yoke 
materials (e.g., NiFe) 25A2, 25B2 which have the high 
permeability in a thickness of about 50 nm on the 
barrier layers 28a, 28b. 

Moreover, by the RIE method, the yoke materials 
25A2, 25B2 and barrier layers 28a, 28b are etched, so 
that the yoke materials 25A2, 25B2 and barrier layers 
28a, 28b remain only on the side wall portions of the 
intermediate layer 2 OA and write word line 2 OB. 

Thereafter, the CVD method is used to form the 
insulating layer 29A with which the intermediate layer 
20A and write word line 20B are completely coated on 
the barrier layer 34. Moreover, for example, by the 
CMP method, the surface of the insulating layer 2 9A is 
flatted. 

Subsequently, as shown in FIG. 30, the PEP and RIE 
methods are used to form the via holes which reach the 
intermediate layer 20A in the insulating layer 29A. 
By the sputter method, the barrier metals (e.g., Ti, 
TiN, or the lamination of these) 55 are formed on the 
insulating layer 2 9A and on the inner surfaces of the 
via holes in a thickness of about 10 nm. Continuously, 
the conductive materials (e.g., the metal film such as 
tungsten) with which the via holes are completely 
filled are formed on the insulating layer 29A by 
the CVD method. Thereafter, by the CMP method, 
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the conductive materials and barrier metals 55 are 
polished, and the via plug 21 is formed. 

The CVD method is used to form the insulating 
layer 3 OA on the insulating layer 2 9A. The PEP and RIE 
methods are used to form the wiring trenches in the 
insulating layer 30A. By the sputter method, the 
conductive materials (e.g., the metal films such as Ta) 
with which the wiring trenches are completely filled 
are formed in a thickness of about 5 0 nm on the 
insulating layer 30A. Thereafter, by the CMP, the 
conductive materials are polished, and the local 
interconnect line (lower electrode of the MTJ element) 

22 is formed. 

The CVD method is used to successively deposit 
a plurality of layers on the local interconnect line 
22, and these plurality of layers are further patterned 
to form the MTJ elements 23. 

The CVD method is used to form the insulating 
layer 30B with which the MTJ element 23 is coated, 
and subsequently, the insulating layer 3 OB on the MTJ 
element 23 is removed, for example, by the CMP method. 
As a result, the topmost layer of the MTJ element 23 is 
exposed, and only the side surfaces of the MTJ element 

23 are coated with the insulating layer 30B. 

It is to be noted that to constitute the topmost 
layer of the MTJ element 23 by Ta or W, the topmost 
layer of the MTJ element 23 is exposed, and 



subsequently the data selection line described later 
can directly be formed. 

Subsequently, as shown in FIG. 31, the barrier 
metal (e.g., the lamination of Ti (10 nm) and TiN 
(10 nm) ) 2 9 is formed on the insulating layer 3 OB by 
the sputter method. Continuously, the conductive 
material (such as AlCu) is formed in a thickness of 
about 4 00 nm on the barrier metal 2 9 by the sputter 
method. Continuously, the barrier layer (e.g., the 
lamination of Ta (10 nm) and TaN (10 nm) ) 30 is formed 
on the conductive material by the sputter method. 

Furthermore, the yoke material (such as NiFe) 2 6 
which has the high permeability is continuously formed 
in a thickness of about 50 nm on the barrier layer 3 0 
by the sputter method. Moreover, the insulating layer 
(such as SiC>2) 37 which functions as the hard mask at 
the wiring processing time is formed on the yoke 
material 26 by the sputter method. Thereafter, the 
PEP method is used to form the resist pattern 33. 

Additionally, the resist pattern 33 is used as the 
mask to pattern the insulating layer 3 7 as the hard 
mask by the RIE method. Thereafter, the resist pattern 
3 3 is removed. 

Subsequently, as shown in FIG. 32, this time the 
insulating layer 37 is used as the mask to successively 
etch the yoke material 26 , barrier layer 30 , conductive 
material, and barrier metal 29 by the RIE method, so 
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that the data selection line (read/write bit line) 24 
is formed. 

Subsequently, as shown in FIG. 33 , the barrier 
layer (e.g., the lamination of Ta (10 nm) and TaN 
5 (10 nm) ) 31 with which the data selection line 24 is 

coated is formed on the insulating layer 3 OB by the 
sputter method. Continuously, the yoke material (such 
as NiFe) 32 which has the high permeability is formed 
in a thickness of about 50 nm on the barrier layer 31 

10 by the sputter method. 

Moreover, when the yoke material 32 and barrier 
layer 31 are etched by the RIE method, as shown in 
FIG. 34, the yoke material 32 and barrier layer 31 
remain only on the side wall portions of the data 

15 selection line 24. 

The magnetic random access memory of the third 
embodiment (FIGS. 2 6 and 27) is completed by the 
above-described steps . 
(3) Conclusion 

2 0 As described above, according to the third 

embodiment, to process the intermediate layer 2 OA and 
write word line 20B, the hard mask (such as SiC^) is 
used as the mask of RIE, not a photoresist. Therefore, 
at the RIE time, an etching selection ratio can 

25 sufficiently be secured between the mask material, and 

the conductive material, yoke material, and barrier 
metal . 



Similarly, also to process the data selection line 
24, not the photoresist, but the hard mask (such as 
Si0 2 ) is used as the mask of RIE. Therefore, at the 
RIE time, the etching selection ratio can sufficiently 
be secured between the mask material, and the yoke 
material, barrier layer, conductive material, and 
barrier metal . 

6 . Fourth Embodiment 

FIGS. 35 and 36 show the device structure of the 
magnetic random access memory according to a fourth 
embodiment of the present invention. It is to be noted 
that FIG. 35 shows the section of the Y-direction, and 
FIG. 36 shows the section of the X-direction of the MTJ 
element portion of FIG. 35. The X-direction crosses at 
right angles to the Y-direction. 

The device structure of the present embodiment is 
characterized in that the yoke materials 25A1, 25A2, 
25B1, 25B2 are constituted of conductive materials, and 
the yoke materials 26, 32 and barrier layers 28a, 28b, 
30, 31 are constituted of insulating materials in the 
device of the first embodiment. 

That is, the yoke materials 25A1, 25A2, 25B1, 
25B2, 26, 32 and barrier layers 28a, 28b, 30, 31 may 
also be constituted of the conductive or insulating 
materials . 

7. Fifth Embodiment 

FIG. 37 shows the device structure of the magnetic 



random access memory according to a fifth embodiment of 
the present invention. 

The device structure of the present embodiment is 
characterized in that the structure of a write line in 
the first embodiment is applied to the magnetic random 
access memory having a so-called ladder type cell array 
structure . 

In the ladder type cell array structure, 
a plurality of (four in the present embodiment) MTJ 
elements 23 are arranged in a lateral direction 
(direction parallel to the surface of the semiconductor 
substrate) on the semiconductor substrate 11. These 
MTJ elements 23 are connected in parallel between the 
data selection line (read/write bit line) 24 and lower 
electrode . 

One end of the MTJ element 23 is directly 
connected to the data selection line 24, and the 
other end of the element is connected in common to 
a read selection switch RSW via the lower electrode. 
A plurality of MTJ elements 23 share one data selection 
line 24 . 

The data selection line 24 is disposed right on 
the plurality of MTJ elements 23, and extends in the 
Y-direction. The upper surface of the data selection 
line 24 is coated with the yoke material 2 6 having the 
high permeability, and the side surfaces of the line 
are coated with the yoke materials 32 having the high 



permeability . 

The barrier layer 3 0 is disposed between the data 
selection line 24 and yoke material 26, and the barrier 
layer 31 is disposed between the data selection line 24 
and yoke material 32. The barrier layer 31 separates 
the yoke material 2 6 with which the upper surface of 
the data selection line 24 is coated from the yoke 
materials 32 with which the side surfaces of the data 
selection line 24 are coated. 

The barrier layers 30, 31 may have either the 
conductivity or insulation property. Moreover, the 
barrier layers 30, 31 may have the same functions as 
those of the barrier metal 29. 

The write word line 2 OB is disposed right under 
the MTJ element 23, and extends in the X-direction 
crossing at right angles to the Y-direction. The lower 
surface of the write word line 20B is coated with the 
yoke material 25B1 having the high permeability, and 
the side surfaces of the line are coated with the yoke 
material 25B2 having the high permeability. 

The barrier layer 28b is disposed between the 
write word line 20B and yoke material 25B2. The 
barrier layer 28b separates the yoke material 25B1 with 
which the lower surface of the write word line 2 OB is 
coated from the yoke materials 25B2 with which the side 
surfaces of the write word line 2 OB are coated. 

The barrier layer 2 8b may have either the 
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conductivity or insulation property. Moreover, the 
barrier layer 2 8b may have the same function as that of 
the barrier metal 27b. 

It is to be noted that in the fifth embodiment 
the yoke materials 25B1, 25B2, 26, 32, barrier metals 
27b, 27d, and barrier layers 28b, 30, 31 may also be 
constituted of the conductive or insulating materials. 

8 . Sixth Embodiment 

FIG. 3 8 shows the device structure of the magnetic 
random access memory according to a sixth embodiment of 
the present invention. 

The device structure of the present embodiment is 
characterized in that the structure of the write line 
in the first embodiment is applied to the magnetic 
random access memory having another type of cell array 
structure . 

In the cell array structure, a plurality of (four 
in the present embodiment) MTJ elements 2 3 are arranged 
in the Y-direction (direction parallel to the surface 
of the semiconductor substrate) on the semiconductor 
substrate 11. These MTJ elements 23 are connected 
between the write word line 20B extending in the 
X-direction and the upper electrode. 

One end of the MTJ element 23 is directly 
connected to the write word line 2 OB, and the other 
end of the element is connected in common to the 
read selection switch RSW via the upper electrode. 
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A plurality of MTJ elements 23 share one data selection 
line 24. 

The data selection line 24 is disposed right on 
the plurality of MTJ elements 23, and extends in the 
5 Y-direction. The upper surface of the data selection 

line 24 is coated with the yoke material 26 having the 
high permeability, and the side surfaces of the line 
are coated with the yoke materials 3 2 having the high 
permeability . 

10 The barrier layer 3 0 is disposed between the data 

selection line 24 and yoke material 26, and the barrier 
layer 31 is disposed between the data selection line 24 
and yoke material 32. The barrier layer 31 separates 
the yoke material 2 6 with which the upper surface of 

15 the data selection line 24 is coated from the yoke 

materials 32 with which the side surfaces of the data 
selection line 24 are coated. 

The barrier layers 30, 31 may have either the 
conductivity or insulation property. Moreover, the 

2 0 barrier layers 30, 31 may have the same functions as 

those of the barrier metal 29. 

The write word line 2 0B is disposed right under 
the MTJ element 23. The lower surface of the write 
word line 20B is coated with the yoke material 25B1 

25 having the high permeability, and the side surfaces of 

the line are coated with the yoke material 25B2. 
The barrier layer 28b is disposed between 
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the write word line 20B and yoke material 25B2. 
The barrier layer 28b separates the yoke material 25B1 
with which the lower surface of the write word line 20B 
is coated from the yoke materials 25B2 with which the 
5 side surfaces of the write word line 20B are coated. 

The barrier layer 28b may have either the 
conductivity or insulation property. Moreover, the 
barrier layer 2 8b may have the same function as that of 
the barrier metal 2 7b. 

10 It is to be noted that in the sixth embodiment the 

yoke materials 25B1, 25B2, 26, 32, barrier metals 27b, 
27d, 29 and barrier layers 28b, 30, 31 may also be 
constituted of the conductive or insulating materials. 
9 . Seventh Embodiment 

15 FIG. 39 shows the device structure of the magnetic 

random access memory according to a seventh embodiment 
of the present invention. 

The device structure of the present embodiment is 
characterized in that the structure of the write line 

20 in the first embodiment is applied to the magnetic 

random access memory having a so-called cross point 
type cell array structure. 

In the cross point type cell array structure, 
a plurality of (four in the present embodiment) MTJ 

25 elements 23 are arranged in the Y lateral direction 

(direction parallel to the surface of the semiconductor 
substrate) on the semiconductor substrate 11. 
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These MTJ elements 23 are connected between the data 
selection line (read/write bit line) 24 extending in 
the Y-direction and the write word line 20B extending 
in the X-direction intersecting with the Y-direction. 
5 One end of the MTJ element 23 is directly 

connected to the data selection line 24, and the other 
end of the element is directly connected to the write 
word line 2 OB. 

The data selection line 24 is disposed right on 

10 the plurality of MTJ elements 23. The upper surface 

of the data selection line 24 is coated with the yoke 
material 26 having the high permeability, and the side 
surfaces of the line are coated with the yoke materials 
32 having the high permeability. 

15 The barrier layer 30 is disposed between the data 

selection line 24 and yoke material 26, and the barrier 
layer 31 is disposed between the data selection line 24 
and yoke material 32. The barrier layer 31 separates 
the yoke material 2 6 with which the upper surface of 

20 the data selection line 24 is coated from the yoke 

materials 32 with which the side surfaces of the data 
selection line 24 are coated. 

The barrier layers 30, 31 may have either the 
conductivity or insulation property. Moreover, the 

2 5 barrier layers 30, 31 may have the same functions as 

those of the barrier metal 29. 

The write word line 20B is disposed right under 
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the MTJ element 23. The lower surface of the write 
word line 2 OB is coated with the yoke material 25B1 
having the high permeability, and the side surfaces of 
the line are coated with the yoke material 25B2 having 
the high permeability. 

The barrier layer 28b is disposed between 
the write word line 20B and yoke material 25B2. 
The barrier layer 28b separates the yoke material 25B1 
with which the lower surface of the write word line 2 OB 
is coated from the yoke materials 2 5B2 with which the 
side surfaces of the write word line 20B are coated. 

The barrier layer 2 8b may have either the 
conductivity or insulation property. Moreover, the 
barrier layer 2 8b may have the same function as that of 
the barrier metal 27b. 

It is to be noted that in the seventh embodiment 
the yoke materials 25B1, 25B2, 26, 32, barrier metals 
27b, 27d, and barrier layers 28b, 30, 31 may also be 
constituted of the conductive or insulating materials. 

10. Others 

In the description of the first, second reference 
examples, first to seventh embodiments, and 
manufacturing method, the present invention has been 
described in terms of the examples of the cell array 
structure in which the memory cell is constituted of 
one MTJ element and one read selection switch, ladder 
type cell array structure, and cross point type cell 
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array structure . 

However, the present invention is not limited to 
the magnetic random access memory of the cell array 
structure, and can be applied to all the magnetic 
random access memories including the device structures 
shown in the first, second reference examples and first 
to seventh embodiments. 

Moreover, the yoke materials on the upper or lower 
surface of the write line may be separated from the 
yoke materials on the side surfaces of the write line 
by the barrier layer. With the yoke material, all or 
some of the surfaces of the write line excluding the 
surface on the MTJ element side may also be coated. 

As described above, according to the magnetic 
random access memory of the embodiment of the present 
invention, since the yoke material on the upper or 
lower surface of the write line is separated from the 
yoke material on the side surface by the barrier layer, 
the film thickness and magnetic domain of the yoke 
material can easily be controlled. At the write 
operation time, the synthetic magnetic field can 
efficiently be exerted to the MTJ element. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 
the specific details and representative embodiments 
shown and described herein. Accordingly, various 



74 



modifications may be made without departing from the 
spirit or scope of the general invention concept as 
defined by the appended claims and their equivalents. 



